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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a lithium iron oxide, a method of its synthesis, and a lithium battery including such 

lithium iron oxide as an electrode active material. 

Currently, with the development of portable equipment such as personal computers, handy phones, etc., there has 
been an increasing demand for a battery as a power source therefor. In particular, lithium batteries have been investi- 
gated vigorously as a battery that can ensure a high energy density. This is because lithium has a small atomic weight 
io and can give a high ionization energy. 

As the positive electrode active materials used for these lithium batteries, those that can generate a voltage of as 
high as 4 V, such as Li x Co0 2 or Li x Ni0 2 , have been actively studied recently, in an attempt to increase the electromotive 
force and energy density of batteries. However, because cobalt or nickel compounds, such as L^Q^ or Li x Ni0 2 , are 
costly, and outputs of cobalt and nickel are relatively small, such compounds are not optimal materials for practical bat- 
15 teries. Therefore, compounds prepared by substituting Co or Nt in the aforementioned compounds with one of other 
transition metal elements, particularly iron compounds with a substitution of Co or Ni with iron which has low cost and 
rich outputs, have been noted to solve the aforementioned problems. 

Li x Co0 2 and L^NiO^ which are superb electrode active materials with good performance, have a layered rock salt 
crystal structure (a-NaFeOfc structure). Other than Li x Co02 and Li x Ni02. only Li x V0 2 and Li x Cr0 2 are known to have 
20 th layered rock salt crystal structure. There are no known other lithium iron oxides that have an identical layered rock 
salt crystal structure. 

More specifically, a lithium iron oxide with a disordered tetragonal rock salt crystal structure is obtained when a mix- 
ture of an iron oxide powder and a lithium compound powder is heated at about 800 °C according to the so-called high 
temperature synthesis. Whereas, when the mixture is heated at about 400 °C to about 500 °C according to the so-called 
25 low temperature synthesis, then a lithium iron oxide with an ordered tetragonal rock salt crystal structure is obtained. 
However, neither of these lithium iron oxides have proved unsatisfactory as the electrode active material for practical 
batteries. 

BRIEF SUMMARY OF THE INVENTION 

30 

In view of the above, one primary object of the present invention is to solve the above-mentioned problems thereby 
to provide a lithium iron oxide applicable as an electrode active material for lithium batteries. 

Another object of the present invention is to provide a lithium battery using such lithium iron oxide. 

The present invention provides a lithium iron oxide represented by the formula Li x Fe0 2 . where 0 < x < 2, having a 
35 tunnel structure similar to akaganeite p-FeO(OH). 

The present invention also provides a method of synthesizing a lithium iron oxide, which comprises the steps of 
suspending p-FeO(OH) and a lithium compound in an alcohol to prepare a suspension, and heating the suspension at 
a temperature of not lower than 50 °C. 

The heating temperature in the heating step is preferably lower than the boiling point of the alcohol used for the sus- 
40 pension. 

The lithium battery of the present invention comprises a lithium ion conductive electrolyte and a pair of electrodes, 
at least one of the pair of electrodes having this lithium iron oxide. 

While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
45 the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 illustrates an X-ray diffraction pattern of a lithium iron oxide in one example of the present invention. 
so FIG. 2 shows a longitudinal cross-sectional view of a lithium battery in one example of the present invention. 

FIG. 3 illustrates a charge-discharge curve of the lithium battery in the same example of the present invention. 
FIG. 4 illustrates a charge-discharge curve of a lithium battery in another example of the present invention. 
FIG. 5 illustrates a charge-discharge curve of a lithium battery in still another example of the present invention. 

55 DETAILED DESCRIPTION OF THE INVENTION 

Akaganeite p-FeO(OH) is an iron compound having a tunnel crystal structure and retains protons inside the tunnel 
of the tunnel structure. Therefore, if this iron compound is heated in the presence of a lithium compound, ion exchange 
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reaction occurs between proton and lithium ion. As a result, proton present in the tunnel is eliminated, which in turn 
causes lithium ion to enter the tunnel. In this way, a lithium iron oxide Li x Fe0 2 with the tunnel structure, where 0 < x £ 
1, can be produced. 

The lithium iron oxide U x Fe0 2 synthesized in this way can be used as an electrode active material for lithium bat- 
5 teries, because of the fact that lithium ions included in the tunnel of its tunnel structure can electrochemicaJly move 
inside and outside the tunnel. 

The 0-FeO(OH) powder used in the present invention has a mean particle diameter of about 0.01 jim to about 1 .0 
jim. Such p-FeO(OH) powder can be produced by a known method. The representative method of producing powdery 
0-FeO(OH) involves heating an acidic suspension prepared by suspending a ferric compound in hydrochloric acid solu- 
io tion to cause hydrolysis. 

In the present invention, any of LiOH, LiOH • H 2 0, IJ2O, IJ2O2, U2O3 and the like may be used as the lithium com- 
pound. 

In the present invention, any alcohol selected from among ethanol, butanol, hexanol, propanol, and the like may 
also be used as the alcohol. From the aspects of cost and safety, however, ethanol is preferable. 
is The preferable mixing ratio of the p-FeO(OH) powder to the lithium compound powder is in a range of lithium/iron 
(Li/Fe) > 1 .0 in a molar ratio. If the U/Fe ratio is below 1 .0 in a molar ratio, the starting material p-FeO(OH) remains, and 
the resultant lithium iron oxide fails to show high activity as an electrode in a lithium ion conductive electrolyte. There- 
fore, if such lithium iron oxide is used as an electrode active material, it becomes difficult to have a lithium battery with 
good performance. 

20 By contrast, if the ratio of lithium compound significantly exceeds the stoichiometric composition range, unreacted 
lithium compound remains in the resultant lithium iron oxide, together with Li x Fe02 where 0 < x £ 1 , but the remaining 
unreacted lithium compound can be removed by simply washing it with alcohol. 

On the other hand, if ion exchange reaction is caused in the presence of water, it is difficult to have a highly active 
lithium iron oxide electrode. Therefore, it is preferable to cause ion exchange reaction in the presence of an alcohol. 

25 In a preferred mode of the present invention, the heating temperature of the suspension of the mixture of two pow- 
ders is not lower than 50 °C, and in a range not higher than the boiling point of the alcohol used for the suspension. If 
the suspension is heated below 50 °C, the ion exchange reaction proceeds at low rate, which prolongs the reaction 
time. 

On the other hand, if the heating temperature exceeds the boiling point of the alcohol used for the suspension, it 
30 becomes necessary to use a special vessel, such as autoclave, in order to prevent evaporation of alcohol, which is not 
suitable from the industrial point of view. 

The powder of the lithium iron oxide of the present invention is a product of ion exchange reaction between proton 
retained in the tunnel of the tunnel structure of the p-FeO(OH) and lithium ion contained in the lithium compound. The 
resultant compound has a composition of Li x Fep2. where 0 < x <. 1 . 
35 A composition of Li x Fe02 changes from 0<x£1to0<x<2by electrochemical intercalation and deintercalation 
of lithium ions. 

This means that although it is ideal that the ion exchange reaction between proton of 0-FeO(OH) and lithium ion of 
a lithium hydroxide should be represented by the below-mentioned formula (1), and the resultant lithium oxide has a 
composition represented by Li x Fe0 2 , where x = 1.0, ion exchange reaction is often incomplete in actual cases, and 
40 sometimes remains at the level of reaction represented by the below-mentioned formula (2). Therefore, the resultant 
lithium iron oxide has a composition of Li x Fe0 2 . where 0 < x £ 1 in general. 

0-FeOOH + LiOH -> LiFe0 2 + H 2 0 (1 ) 

45 p-FeOOH + xLiOH -> UJH^FeOz + xH 2 0 (2) 

where 0 5 x < 1 . 

On the other hand, as stated above, the lithium iron oxide of the present invention shows electrochemical interca- 
lation and deintercalation of lithium ions, represented by the below-mentioned formula (3). in a lithium battery. This 
so changes the composition ratio of lithium ion in the lithium iron oxide. In such lithium iron oxide, the stable formal charges 
for iron ions are limited to +2. +3 and +4. Therefore, the lithium iron oxide has a composition represented by Li x Fe0 2 . 
where 0 x < 2, when included in a lithium battery. 

Li x Fe02 + x*e" + x'Li* -» Li x+x 'Fe0 2 (3) 

55 

where. 0 < x+x' < 2. 

The powder of the lithium iron oxide of the present invention has a particle diameter almost similar to that of the iron 
starting material p-FeO(OH) (mean, about 0.01 to 1.0 \um). 
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The lithium iron oxid having the tunnel structure can cause electrochemical intercalation and deintercalati n of 
lithium ion in any lithium ion conductive electrolyt . This enables the use of the lithium iron oxide as an electrode active 
material, thereby to fabricate a lithium battery having the lithium iron oxide electrode. 

If such lithium iron oxide is used as the positive electrode active material, then even a substance that is lower in 
5 potential than the lithium iron oxide can be used as the negative electrode active material. Examples of such negative 
electrode active materials may be metallic lithium, aluminum, indium, gallium and tin, any alloys of these metals with 
lithium, and any intercalation compounds of graphite and lithium. 

On the other hand, if the lithium iron oxide is used as the negative electrode active material, even a substance that 
is higher in potential than the lithium iron oxide can be used as the positive electrode active material. More specifically, 
10 any of lithium cobalt oxides, lithium nickel oxides, lithium manganese oxides, lithium nickel vanadium oxides, halogens 
such as iodine, and halides may be used as the positive electrode active material. 

As the electrolyte included in the lithium battery, those prepared by dissolving a lithium salt, such as lithium perchlo- 
rate, lithium phosphof luoride, lithium borof luoride and the like, in an organic solvent or a mixture of two or more organic 
solvents selected from propylene carbonate, ethylene carbonate, dimethoxy ethane, diethoxyethane, y-butyrolactone 
15 and the like, polymer solid electrolytes, such as lithium perchlorate-polyethylene oxide and the like, and inorganic solid 
electrolytes, such as L^S-SiS^ which are all lithium ion conductive, may be used. 

In the following, the present invention will be described more specifically by way of examples. 

Example 1 

20 

In the present example, a lithium iron oxide having the tunnel structure was synthesized from p-FeO(OH) as the 
iron compound and lithium hydroxide (LiOH) as the lithium compound, and examined for its activity as an electrode 
active material for lithium batteries. 

25 Synthesis of lithium iron oxide: 

First, 1 2.0 g of p-FeO(OH) and 3.88 g of LiOH (Li/Fe ratio = 1 .2 in a molar ratio) were dispersed in 300 ml of ethanol, 
and the resultant dispersion was heated to 70 °C and reacted for 10 hours. The suspension thus obtained was filtrated 
to collect solid reaction products, which were then washed with ethanol, dried for one day at room temperature under 
30 reduced pressure. In this way, a yellow brown powder was obtained. 

The powder was then chemically identified using an X-ray drffractometer, manufactured by Rigaku Denki Co.. Ltd. 
(typ of X-ray: Mn-f iltered Fe-Ka; X-ray tube voltage: 40 kV; tube current: 20 mA). The result showed that the lithium 
iron oxide powder had the tunnel structure analogous to p-FeO(OH) as shown by the X-ray diffraction pattern in FIG. 1 . 

Apart from this, the lithium iron oxide was dissolved in concentrated hydrochloric acid, and the composition of lith- 
35 ium and iron was quantified by the standard -additional technique, using an inductively coupled plasma spectrotometer. 
ICAP-575, manufactured by Nippon Jarrell-Ash Co.. Ltd. The lithium iron oxide was found to have a composition of 

Li 0.95 F 0O2- 

As shown above, it was found that the present invention can give a lithium iron oxide having the tunnel structure. 

40 Evaluation of electrochemical properties: 

Then, electrochemical property of the lithium iron oxide prepared above was investigated by a potential sweep 
technique. 

First the lithium iron oxide was mixed with polytetraf tuoroethylene (hereinafter abbreviated to PTFE) as a binder 
45 and graphite as a conductive agent in a weight ratio of 8 : 1 : 1 . The mixture (30 mg) was then integrated with a stainless 
steel mesh as a current collector, and used as a working electrode. The resultant working electrode was spot-weJded 
with a lead terminal of a stainless steel wire. 

Separately, a counter electrode was prepared by bonding a metallic lithium foil onto a stainless steel mesh with 
pressure, followed by spot-welding of a lead terminal of a stainless steel wire. A reference electrode was prepared in 
so the same manner using metallic lithium. 

As the lithium ion conductive electrolyte, one prepared by dissolving 1 M lithium perchiorate in a mixture solvent of 
propylene carbonate and dimethoxy ethane in a volumetric ratio of 1 : 1 was used. 

All of the working electrode, counter electrode and reference electrode were immersed in the electrolyte and an 
electrochemical cell for measurement of the electrochemical property of the electrode was produced. Using the elec- 
55 trochemical cell, a potential sweep was performed in a voltage range of 1 .5 V to 3.5 V vs. Li/Li+ at a rate of 10 mWsec. 
Changes in current during the potential sweep were measured. The fabrication of electrochemical cell and the subse- 
quent measurement were performed in a dry box filled with an argon gas. 

The measurement result showed that an oxidation-reduction wave appeared in the potential-current curve, indicat- 
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ing electrode activity of the lithium iron oxide of the present invention in the lithium ion conductiv electrolyte. 
Examples 2-5 

s Lithium iron oxides were synthesized in the same manner as in Example 1 . except that p-FeO(OH) powder and lith- 

ium compound powder were mixed at various Li/Fe ratios, and the mixtures were suspended in different alcohols and 
heated at different temperatures as shown in Table 1 . 



Table 1 





Li/Fe 


Alcohol 


Heating temperature 
(°C) 


Composition 


Current value (mA) 


Example 1 


1.2 


ethanol 


70 


LiossFeOg 


12.3 


Example 2 


1.4 


ethanol 


70 


Lio.87 F e02 


14.1 


Example 3 


1.0 


ethanol 


70 


Lio 72 Fe0 2 


10.9 


Example 4 


1.2 


butanol 


110 


Li 0 83 FeO 2 


11.8 


Example 5 


1.4 


hexanol 


140 


Lio.90 F e02 


13.5 



Comparative Example 1 

A lithium iron oxide powder was synthesized under the same conditions as applied in Example 1 . except for the use 
25 of an Li/Fe ratio of 0.8 and a heating temperature of 70 °C. 

Comparative Example 2 

Another lithium iron oxide powder was synthesized under the same conditions as applied in Example 1 , except for 
30 the use of an U/Fe ratio of 1 .4 and a heating temperature of 45 °C. 

The lithium iron oxide powders of Examples 2 to 5 in accordance with the present invention and those of Compar- 
ative Examples 1 and 2 were all found to have the tunnel structure. 

Then, electrochemical properties of these lithium iron oxide powders were evaluated in the same manner as in 
Example 1 . Table 1 also lists the conditions of synthesis and the reduction current value during polarization at 1 .5 V as 
35 an index of electrode activity in these lithium iron oxide powders, in addition to those of Example 1 . 

In the yellow brown lithium iron oxide powders obtained in Comparative Examples 1 and 2, reduction current values 
were measured during polarization at 1.5 V. The two powders showed a current value of 7.0 mA and 4.8 mA, respec- 
tiv ly, which were smaller than those of the lithium iron oxide powders of Examples 1 to 5 in accordance with the present 
invention. 

40 As shown above, it was found that the present invention can give lithium iron oxides that show higher electrochem- 
ical activities. 

Comparative Example 3 

45 p-FeO(OH) and LiOH were dispersed in water in place of ethanol used in Example 1 , and the resultant dispersion 
was heated to 70 °C and reacted for 1 0 hours. The suspension thus obtained was filtrated to collect solid reaction prod- 
ucts, which were then washed with water and dried at room temperature for one day under reduced pressure. In this 
way. a yellow brown powder was obtained. 

Then, electrochemical property of the yellow brown powder was tested in the same manner as in Example 1. The 

so result showed that the reduction current value at polarization of 1 .5 V was 1 .6 mA. This indicated that ion exchange 
reaction in the presence of water does not yield a lithium iron oxide that shows high electrode activity. 

Example 6 

55 In the present example, a lithium battery was produced by using a lithium iron oxide having the tunnel structure as 
th positive electrode active material. 

As the lithium iron oxide having the tunnel structure, one synthesized in Example 1 was used here. The lithium iron 
oxide, PTFE as a binder, and carbon as a conductive agent were mixed in a weight ratio of 8 : 1 : 1 The resultant mix- 
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ture was integrated with a titanium mesh as a current collector, punched into a disc of 14 mm diameter, and used as the 
positive electrode. 

A metallic lithium foil punched into a disc of 14 mm diamet r was used as the negative electroda 

As the lithium ion conductive electrolyte, one prepared by dissolving 1 M lithium perchlorate in a mixture solvent of 
5 propylene carbonate and dimethaxyethane in a volumetric ratio of 1 : 1 was used. 

A lithium battery as shown in FIG. 2 was assembled using the positive electrode, negative electrode and electro- 
lyte, by interposing a separator of a micro porous polypropylene film having a thickness of 50 urn therebetween. 

In FIG. 2, a negative electrode designated by numeral 1 is tightly pressed onto an inner surface of a stainless steel 
sealing plate 6. A positive electrode 4 having a current collector 5 is placed in the central part of a battery case 3 of a 
10 stainless steel and covered with a separator 2. After the electrolyte is injected into the separator, the sealing plate 6 
attached with a gasket 7 is joined to the battery case 3. Then, an end of the battery case 3 was crimped to seal the 
battery. In this way, a sealed battery is assembled. 

The lithium battery thus produced was subjected to a charge/discharge cycle test at a constant current of 1 mA in 
a voltage range of 1 .0 V to 4.1 V. FIG. 3 illustrates a charge/discharge curve of the lithium battery. As clearly seen from 
is FIG. 3, the lithium battery can operate in a voltage range of 3 V to 1 V. indicating that the lithium battery is rechargeable. 

From the above, it was found that the present invention can give a lithium battery which can use an iron compound 
as the electrode active material. 

Example 7 

20 

In the present example, lithium batteries were produced in the same manner as in Example 6, except that the lith- 
ium iron oxides synthesized in Examples 2 to 5 were used in place of the lithium iron oxide synthesized in Example 1 , 
and their electrochemical properties were evaluated. 

The results showed that the charge/discharge curves of these lithium batteries were substantially the same as that 
25 of Example 6. This indicated that the present invention can give lithium batteries that can include an iron compound as 
the el ctrode active material. 

Example 8 

30 In the present example, a lithium battery was produced using the lithium iron oxide having the tunnel structure syn- 
thesized in Example 1 as the negative electrode active material. 

First the lithium iron oxide synthesized in Example 1 , PTFE as a binder, and carbon as a conductive agent were 
mixed in a weight ratio of 8 : 1 : 1 . The resultant mixture (200 mg) was integrated with a stainless steel mesh as a current 
collector, punched into a disc of 14 mm diameter, and used as the negative electrode. 
35 As the positive electrode active material, LiCo0 2 synthesized in the below-mentioned manner was used. 

U2CO3 and C03O4 used as the starting materials were mixed in a molar ratio of 3 : 2. The resultant mixture was 
placed in an alumina crucible and heated at 750 °C for 24 hours in an oxygen stream. In this way, UC0O2 was obtained. 

LiCo0 2 thus synthesized was mixed with PTFE as a binder and carbon as a conductive agent in a weight ratio of 
8:1:1. The resultant mixture (500 mg) was integrated with a stainless steel mesh as a current collector, punched into 
40 a disc of 1 4 mm diameter, and used as the positive electrode. 

A lithium battery was produced in the same manner as in Example 6, except for the use of the positive and negative 
electrodes thus obtained. 

The lithium battery was subjected to a charge/discharge test at a constant current of 1 mA in a voltage range of 0 
V to 3.1 V. FIG. 4 shows a charge/discharge curve of the lithium battery. As clearly seen from the figure, the lithium bat- 
45 tery can operate in a voltage range of 1 V to 3 V, indicating that the battery is rechargeable. 

As shown above, the present invention can give a lithium battery that can use an iron oxide as the electrode active 
material. 

Example 9 

50 

In the present example, a solid lithium battery was fabricated by using the lithium iron oxide having the tunnel struc- 
tur synthesized in Example 1 and a lithium ion conductive glassy suHtde-based solid electrolyte represented by 
0.6Li 2 S-O.4SiS2. and Hs property was evaluated. 

The 0.6U 2 S-0.4SiS2 solid electrolyte was synthesized in the below-mentioned manner. 
55 A lithium sulfide (L^S) and a silicon sulfide (SiS2> were mixed in a molar ratio of 3 : 2. The resultant mixture was 
put into a glassy carbon crucible, which was then placed in a vertical furnace and heated to 950 °C in an argon stream 
to melt the mixture. After heated for 2 hours, the crucible was dropped into liquid nitrogen and the melt was quenched. 
In this way, a lithium ion conductive glassy solid electrolyte represented by 0.6Li 2 S-0.4SiS 2 was obtained. 
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The solid electrolyte thus synthesized was pulverized and mixed with the lithium iron oxide synthesized in Example 
1 in a weight ratio f 1 : 1. The resultant mixture was further mixed with carbon as a conductive agent in a weight ratio 
of 9 : 1 , and used as the positive electrode material. 

As the negative electrode, an indium-lithium alloy prepared by pressing a metallic lithium foil onto 0.1 -mm- thick 

5 metallic indium punched into a disc of 1 0 mm diameter was used. 

The positive electrode material (200 mg) and the negative electrode of an indium-lithium alloy foil thus prepared 
were pressed together to a disc of 10 mm diameter with the solid electrolyte interposed therebetween, and used as a 
solid lithium battery element The element was housed in a stainless steel battery case, and sealed by a sealing plate 
provided with a gasket. In this way, a solid lithium battery was assembled. 

io The solid lithium battery thus prepared was subjected to a charge/discharge test at a constant current of 1 00 nA in 
a voltage range of 0.4 V to 4.0 V. FIG. 5 shows a charge/discharge curve of the battery. As is clearly seen from FIG. 5, 
the solid lithium battery can be operated in a voltage range of 3 V to 0.4 V, indicating that the battery is rechargeable. 

From the above, it was found that the present invention can give a solid lithium battery that includes a lithium iron 
oxide as the electrode active material. 

15 In the foregoing examples, when the lithium iron oxide was used as the positive electrode active material, metallic 
lithium or an indium-lithium alloy was used as the negative electrode active material. However, in the present invention, 
other lithium alloys, such as Li-AI, or graphite can also be used as the negative electrode active material in order to 
achieve similar effects, and the present invention is not limited to only the lithium batteries that use the negative elec- 
trode active materials disclosed in the foregoing examples. 

20 In the foregoing examples, when the lithium iron oxide was used as the negative electrode active material, LiCo0 2 
was used as the positive electrode active material. However, any of LiNi0 2 and LiMr^C^ may also be used as the pos- 
itive electrode active material to produce a lithium battery. Thus, the present invention is not limited to only the lithium 
batteries that use the positive electrode active materials disclosed in the foregoing examples. 

In the foregoing examples, an electrolyte prepared by dissolving lithium perch! orate in a mixture solvent of propyl - 

25 ene carbonate and dimethoxyethane or a sulfide lithium ion conductive glassy solid electrolyte represented by 0.6Li 2 S- 

0. 451 2 5 was disclosed as the electrolyte of the lithium battery of the present invention. However, electrolytes containing 
LiPF 6 as a solute, those containing ethylene carbonate as a solvent, and solid electrolytes represented by Li 3 P0 4 -Li 2 S- 
SiS^ Lil-Li^-B^, Li 2 S-P 2 S5, IJI-AJ2O3 and the like can also be used as the electrolyte, in addition to those exempli- 
fied in the foregoing examples. Thus, the present invention is not limited to only the lithium batteries that use the elec- 

30 trolytes exemplified in the foregoing examples. 

In the foregoing examples, LiOH was used as the starting material lithium compound, but similar effects can be 
obtained even when LiOH • H 2 0. LiOH, Li 2 0. L^O^ Li 2 03 and the like or mixtures of these, which have not been shown 
in the foregoing examples, may also be used as the starting materials. Thus, in the present invention, the starting mate- 
rials are not limited to those lithium compounds exemplified in the foregoing examples. 

35 As discussed above, according to the present invention, it is possible to have a lithium iron oxide which shows elec- 
trode activity in a lithium ion conductive electrolyte, thereby functioning as an electrode active material for lithium bat- 
teries. 

Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
40 become apparent to those skilled in the art to which the present invention pertains, after having read the above disclo- 
sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as 
fall within the true spirit and scope of the invention. 

Claims 

45 

1. A lithium iron oxide represented by Li x Fe0 2 . where 0 < x < 2, having a tunnel structure similar to p-FeO(OH). 

2. A method ot synthesizing the lithium iron oxide in accordance with claim 1. said method comprising the steps of: 

50 suspending p-FeO(OH) and a lithium compound in an alcohol, and 

heating said suspension at a temperature of not lower than 50 °C. 

3. The method of synthesizing a lithium iron oxide in accordance with daim 2. wherein the heating temperature in said 
heating step is lower than the boiling point of said alcohol. 

55 

4. The method of synthesizing a lithium iron oxide in accordance with claim 2, wherein said lithium compound is at 
least one selected from the group consisting of LiOH, LiOH • H 2 0, Li 2 0, Li20 2 and IJ2O3. 



Page: 7 



EP 0 837 037 A1 

5. A method of synthesizing a lithium iron oxide represented by Li x Fe0 2 , wher 0 < x < 2, having a tunnel structur 
similar to p-FeO(OH), said method comprising th steps of: 

suspending p-FeO(OH) and a lithium compound in an alcohol, and 
heating said suspension at a temperature of not lower than 50 °C. 

6. A lithium battery comprising a lithium ion conductive electrolyte and a pair of electrodes, at least on of said pair of 
electrodes having the lithium iron oxide in accordance with claim 1. 
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